INTRODUCTION
Ultrasonic inspection plays an important role in numerous industrial fields. One of the prominent tasks is the determination of location, shape, size and orientation of defects. In isotropic materials, the location of reflectors can be inferred from time-of-flight measurements, angle of insonification and transducer position. In anisotropic media, however, such a procedure is aggrevated by several phenomena, which are the direction dependence of the ultrasonic velocities, the beam skewing effect and the modified radiation characteristics of flaws with respect to wave scattering. In this contribution, analytical relationships are presented for the scattering of ultrasound at defects in such media. Based on the mathematical formulation of Huygens' principle, these relationships are obtained for traction-free scatterers using Kirchhoff's approximation. Asymptotic evaluation yields explicit expressions, which are further incorporated in the Generalized Point Source Synthesis method. Numerical results are obtained for rectangular and circular reflectors, selected to compare with notches and flat-bottomed holes, respectively. Evaluation is performed in view of the radiation characteristics of these defects, considering (quasi-) longitudinal wave scattering in orthotropic composite material. Also, the elaborated relationships have been applied to calculate echo dynamic curves in dependence of transducer position for pulse-echo technique. Good comparison with experimental results has been obtained for transversely isotropic weld inaterial.
BASIC WAVE RELATIONSHIPS
The plane wave solutions for a general anisotropic medium are obtained from the equation of motion for the displacement vector!!. Assuming time dependence '" e-jwt _ w denoting the circular frequency -the solutions are in the form where K is the propagation direction and .11 determines the spatial coordinates. In principle, the polarization vectors Ya and the wave numbers 1(, are the main wave characteristics. These are complemented by the velocity of energy transport (group velocity) ~ which is of considerable importance for anisotropic wave propagation. Since for (strongly) anisotropic media the identification of waves according to specific dominant polarizations is meaningless, the three wave modes a are designated according to their polarizations when propagated in certain symmetry directions. Thus, there are two quasi-shear waves and one quasi-pressure wave. For the general anisotropic medium under concern the notation a=qS1, qS2 or qP will be used.
FORMULATION OF THE SCATTERED DISPLACEMENT FIELD
Assuming isolated defects, which are -at least in one dimension -smaller than the width of the insonified wave field, the displacement vector of the scattered field is formulated. The approach is based on an integral representation that describes the scattering of ultrasound by the surface of the flaw.
Displacement Vector of the Scattered Wave Field: Basic Formulation
For an elastic wave hitting a traction-free scatterer (flaw), the displacement vector of the resulting scattered elastic field is given by [1] ( 2) where il is the unit vector perpendicular to the scatterer's surface S, ~ is Green's triadic function and .ll(R', w) is the total displacement field on S. In the following, the latter quantities are determined.
Derivation of Green's Triadic Function in Suitable Form
For a general anisotropic medium -characterized by density {! and the elastic stiffness tensor Q -, Green's dyadic function Q. is defined by the differential equation
Green's triadic function ~ follows from ,Q, according to
Here 8 is Dirac's delta function, ! is the dyadic idemfactor and V is the gradient vector. Green's tensor functions are made up by three terms, each one generating the different patterns of wave propagation related to the quasi-pressure and quasi-shear waves inherent to anisotropic materials.
Using a far-field approximation, each part of Green's dyad can be explicitly expressed according to [2] 
